Only a few high-volume centers have reported the efficacy of laparoscopic liver resection (LLR) for patients with intrahepatic cholangiocarcinoma (ICC). The minimally invasive approach is still controversial for ICC, especially when dealing with large (≥5 cm) or multiple (≥2) ICCs.
Introduction
Intrahepatic cholangiocarcinoma (ICC), an epithelial cell malignancy that stems from the intrahepatic biliary tree, is the second most common primary hepatic tumor and a type of fatal malignant disease. [1] Despite the fact that ICCs account for only 5% to 10% of liver malignancies, data from studies suggest a rising incidence worldwide. [2, 3] Although only 30% to 40% of ICCs are resectable upon first diagnosis, surgical resection is still the leading curative treatment for ICC. [1, 4] The aim of surgery is to completely resect the tumor and achieve a negative surgical margin.
Laparoscopic liver resection (LLR), which has progressed over the last 20 years, has become a feasible choice for various kinds of liver lesions owing to the development of high-tech surgical techniques and equipment. [5, 6] However, the LLR approach is not widely adopted by surgeons for ICC, especially for large or multiple tumors. Although large or multiple malignancies are not contraindications for LLR, debates focusing on the risks of positive surgical margins, massive hemorrhage and difficulty with lymphadenectomy in LLR still exist. Few reports [7] [8] [9] [10] referring to LLR for ICC are available, and there has only one study [11] with a relatively small sample size that has focused on the feasibility of LLR for patients with large or multiple ICCs. Therefore, whether patients with large or multiple ICCs benefit from the minimally invasive approach requires further scientific research.
The aim of this study was to compare the difference between open hepatectomy (OH) and LLR in patients with large or multiple intrahepatic cholangiocarcinomas in a case-matched analysis using propensity score matching (PSM).
Methods

Participants and assessment
Patient selection is shown in Fig. 1 . All patients who underwent hepatectomy for ICC at West China Hospital, Sichuan University from January 2012 to June 2017 were retrospectively reviewed. Patients who met the following inclusion criteria were selected: ≥18 years old; Child-Pugh class A or B hepatic function; and pathology confirmed large (≥5 cm) or multiple (≥2) ICCs. The exclusion criteria were as follows: re-resection; palliative resections; concurrent other malignancy; and requiring vascular or biliary reconstruction. Data from the selected patients were analyzed thoroughly. Selected patients were divided into the LLR group or OH group based on which surgical procedure they underwent. Preoperative assessment included blood biochemical examination, routine blood examination, carbohydrate antigen 19-9 (CA19-9), and 3-phase contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI) scans. The diagnosis of ICC was confirmed by pathology. The review board of our institute approved this study. Written informed consent was obtained from all participants.
Surgical techniques
For OH, patients were placed in the supine position after general anesthesia. A reverse L-incision was used for laparotomy.
Parenchyma transections were performed with a Cavitron Ultrasonic Surgical Aspirator (CUSA Excel+, Intergra, NJ) or clamp crushing. To control bleeding, intermittent pringle maneuvers and bipolar forceps were routinely applied. Pringle maneuvers were performed with a 15 minutes of inflow occlusion followed by 5 minutes of reperfusion, and they were repeated until the end of the surgery.
The exact surgical procedure for LLR has been described in our earlier reports. [12, 13] In short, general anesthesia was performed, and based on the tumor location, the patient was adjusted to a 30°r everse Trendelenburg position. Four trocars were used for the operation and 1 for laparoscopy. Intraoperative ultrasonography was routinely performed to confirm the tumor load and main hepatic structures. After confirming the extent of excision, a tourniquet surrounding the first porta hepatis was prepared for hepatic inflow occlusion. During resection, a laparoscopic Cavitron Ultrasonic Surgical Aspirator, Harmonic scalpel (Ethicon, Somerville, NJ) and Hem-o-Lok clips (Weck, Telefex Medical, NC) were used. The prepared tourniquet was used to perform the laparoscopic intermittent pringle maneuver. A wide lymphadenectomy was avoided, and lymph node dissection (LND) was only performed when an enlarged lymph node around the hepatoduodenal ligament was detected preoperatively or during surgery. The port near the linea alba was opened longitudinally to extract the specimen. Peritoneal drainage was placed on the cutting surface of the liver.
Postoperative monitoring and follow-up
Routine blood tests and blood biochemical examinations were performed on postoperative days (PODs) 1, 3, and 5. Blood pancreatic enzyme levels were tested if LND involved peripancreatic lymph nodes. Chest radiography was performed when suspicious pulmonary infection existed. An abdominal ultrasound evaluation was performed on POD 5 to confirm that there were no abnormalities. Peritoneal drainage fluid was routinely Medicine sent for testing of bilirubin levels, and the drainage tube was pulled out when the drainage fluid was serous and contained no bile. During the first year after discharge, patients were followed up every 3-months. A follow up strategy of every 3 to 6 months was adopted based on the patient's condition from the second year after surgery. At follow-up, all patients received laboratory tests for biochemistry, CA19-9 levels, HBV-DNA levels (for HBsAgpositive patients), and abdominal ultrasounds. Enhanced MRI or CT was performed when recurrence was suspected from the ultrasound or when an evaluated tumor marker was observed during evaluation. In terms of postoperative treatment, patients with R1 resection were transferred to oncology department to receive chemotherapy. Chemotherapy was recommended for the remaining patients. The interval between the date of operation and the date of the last follow-up/death was defined as overall survival (OS). Once recurrence happened, the interval between the operation and recurrence was deemed disease-free survival (DFS).
Definitions
Resection of >3 segments or resection of the right posterior segments was defined as major resection based on the second consensus meeting for LLR. [14] Postoperative mortality was defined as any death within 30 days postoperation. All complications were graded according to the Clavien-Dindo classification, and grade III/IV complications were considered major complications. [15] Histopathology confirmed vascular invasion was defined as microvascular invasion (MVI). The "50-50 criteria" on POD 5 were used to identify liver failure. [16] At least a threefold bilirubin concentration in the drainage fluid than in the serum on or after POD 3 was defined as biliary leakage. [17] Hemorrhage was defined as a drop in hemoglobin level >3 g/dL postoperatively compared with the postoperative baseline level and/or any postoperative transfusion of packed red blood cells for a falling hemoglobin level. [18] Drainage of >500 mL/d and lasting for over 3 days was defined as ascites. Positive sputum cultures and/or positive pneumonia imaging characteristics associated with fever and hyperleukocytosis were diagnosed as pulmonary infection. [19] 
Statistical analysis
Normally distributed continuous data were statistically analyzed using Student t test and expressed as mean (s.d.). Non-normally distributed continuous data were statistically analyzed using the Mann-Whitney U test and expressed as median (range). The chisquared or Fisher exact test was used for categorical data, and categorical data were expressed as n (%). Survival outcomes including OS and DFS were analyzed using Kaplan-Meier method and compared using log-rank test. To alleviate the selective bias between the groups, PSM was performed based on the following factors: age, tumor characteristics (tumor size, tumor number, nodule status, tumor differentiation, and microvascular invasion), American Society of Anesthesiologists (ASA) grade, underlying liver cirrhosis, liver function (Child-Pugh grade), and resection extent. Then, 1:2 propensity score matching was performed with the nearest neighbor matching method within 0.2 of the standard deviation of the logittransformed propensity score. SPSS version 22.0 (IBM SPSS Inc, Chicago, IL) was used to perform all analyses. A P value of <.05 was considered as statistically significant.
Results
Baseline characteristics
A total of 83 patients with large and multiple ICCs who underwent LLR or OH between January 2012 and June 2017 were included in this study ( Fig. 1 ). Among them, 20 (24.1%) patients who received LLR were categorized into the LLR group, and 63 (75.9%) patients who received OH were categorized into the OH group. In terms of the patient characteristics shown in Table 1 , age, sex, body mass index (BMI), ASA grade, biometrics, Table 1 Patients characteristic before and after propensity score matching. 
Before match
Intraoperative outcomes
The intraoperative data are reported in Table 3 . LLR resulted in a significantly longer operation time (median 225 minutes vs 200 minutes, P = .007; median 225 minutes vs 190 minutes, P = .006, respectively) both before and after PSM. Occlusion time was longer in the LLR group than in the OH group (median 50 minutes vs 35 minutes, P = .001; median 50 minutes vs 32.5 minutes, P = .001, respectively) both before and after matching. Laparoscopic liver resection was completed in 18 patients. Two patients experienced conversions because of severe adhesion (n = 1) and uncontrolled bleeding (n = 1). In terms of the type of Table 2 Disease characteristic before and after propensity score matching. .901
Variables
Data are shown as median (range) or n (%). CA19-9 = carbohydrate antigen 19-9, LLR = laparoscopic liver resection, MVI = microvascular invasion, OH = open hepatectomy. Table 3 Intraoperative data and postoperative outcomes before and after propensity score matching. 
Postoperative morbidity and mortality
Postoperative morbidity and mortality are shown in Table 3 . Before PSM, a lower proportion of patients encountered major complication in the LLR cohort than in the OH cohort (5.0% vs 9.5%, P = .863). Although there was no significant difference, the major complication rate was still lower in LLR group than in the OH group after PSM (5.6% vs 11.1%, P = .868). For liver-related specific morbidities, transient liver failure occurred in 1 versus 7 patients before PSM (5.0% vs 11.1%, P = .710) and in 1 versus 2 patients after PSM (5.6% vs 5.6%, P = 1.000). For ascites, no significant difference was noted (0% vs 12.7%, P = .189; 0% vs 2.8%, P = 1.000, respectively) between the groups. The bile leakage rate was comparable between different treatment groups (5.0% vs 0%, P = .241; 5.6% vs 0%, P = .333, respectively) before and after matching. The rates of general complications including wound infection and pulmonary infection were also comparable between the different surgical procedures. The postoperative hospital stay was shorter in the LLR cohort (median 6 days vs 7days, P = .325; median 6 days vs 7 days, P = .092, respectively), although this difference was not statistically significant. Overall, no patient died within 30 days postoperation in either group.
Survival
The follow-up duration ranged from 1 to 78 months (median 24 months). During follow-up, 11 patients in the LLR group and 33 patients in the OH group experienced recurrence. After PSM, 10 patients and 22 patients in the LLR group and OH group experienced recurrence, respectively. The recurrence rates were comparable between different treatment groups (55% vs 52.4%, P = .788; 55.6% vs 61.1%, P = .695, respectively) before and after matching. In the PSM cohort, no significant difference was observed in OS between the 2 groups (P = .645) with a median OS of 21 months in the LLR group and 17 months in the OH group.
The 1-and 3-year OS rates were 66.7% and 45.8% in the LLR group and 72.2% and 38.2% in the OH group, respectively ( Fig. 2A) . In terms of DFS, there was no statistically significant difference between the groups (P = .827). The median DFS was 17 months in the LLR group and 12 months in the OH group. The 1and 3-year DFS rates were 53.1% and 37.8% in the LLR group and 48.7% and 34.9% in the OH group, respectively (Fig. 2B ).
Discussion
Although few studies [20, 21] have reported that patients with "very early" ICC might benefit from liver transplantation. ICC is still typically a contraindication for liver transplantation because of the high risk of recurrence and poor long-term outcomes. [1, 22] Thus, liver resection remains the first-line treatment option for patients with resectable ICC. Many studies have shown the feasibility of minimally invasive approach for patients with liver malignancy including hepatocellular carcinoma (HCC) and colorectal liver metastases (CLM). [23] [24] [25] However, only a few small studies from high-volume centers have discussed the efficacy of LLR in patients with ICC but they mainly focused on small solitary ICC. [7] [8] [9] [10] [11] Nevertheless, the size of the largest tumor and the number of tumors were identified as independent risk factors for DFS after liver resection for ICC. [3] Furthermore, large or multiple tumors make liver resection under laparoscopy more technical challenging. Wei's et al [11] report [11] discussed the safety and feasibility of LLR for large or multiple ICCs, however, the main purpose was compared in patients who underwent laparoscopic liver resection for small solitary ICC and yet shed little light on the difference between LLR and OH. Therefore, minimally invasive approach is still a controversial area for patients with ICC due to concerns about compromising the oncological efficacy, especially when dealing with large or multiple ICCs. The aim of this study was not only to analyze the feasibility and safety of LLR for large or multiple ICCs but also to compare the short-and long-term outcomes in patients who underwent OH.
The second consensus meeting for LLR showed that laparoscopic minor liver resection usually related to small wound, less blood loss, lower transfusion rates, superior complication rates and shorter hospital stays, however, the operative mortality was comparable to that of OH. [14] In terms of major liver resection, a study that included >10,000 major hepatectomy patients registered over 3 years in Japan demonstrated similar conclusions. [26] In the present study, the better visualization of vessels provided by laparoscopy made parenchy- ma transection more precise in the LLR group, together with high intra-abdominal pressure caused by the pneumoperitoneum resulted in a lower blood loss in the LLR group than in the OH group, although the difference was not statistically significant after PSM. However, highlighted precision procedures and technical difficulty resulted in longer hepatic inflow occlusion times and operation times in the LLR cohort than in the OH cohort. Moreover, even without statistical significance, a shorter postoperative length of stay was observed in the LLR cohort than in the OH cohort, corresponding to previous researches. [9] Early oral intake and off-bed activity facilitate recovery and reduce the stress response following surgery, which may contribute to the shorter postoperative hospital stay in patients receiving LLR than in patients receiving OH. The overall conversion rate in the present study was 10%, which is comparable to previous report. [6] A total of 2 patients experienced conversion in the current study, 1 was a 63 year-old woman with multiple lesions, and the maximum tumor was located in segment VII. Wedge resection was performed, however, massive hemorrhage occurred during parenchyma transection. Inadequate exposure restrained the hemostatic steps, titanium clips were used to temporarily control the bleeding, and laparotomy was performed. This patient also accounted for the maximum blood loss in the LLR cohort and underwent intraoperative transfusion. Another 56-year-old man had underwent open cholecystectomy in the 1990s. A CT scan showed that the tumor was located in segment V with enlarged hilar lymph nodes. A previous history of abdominal surgery caused severe adhesion and resulted in conversion to laparotomy. Above cases agreed with the results of previous researches which reported that bleeding and adhesion were the most common causes of conversion. [5, 27] Moreover, the resections of posterosuperior segments (SI, SIVa, SVII, SVIII) was identified as an independent risk factor for conversion in LLR and thus requires further careful assessment before LLR. [27] Another concern for the use of minimally invasive approach in the treatment of ICCs is the technical difficulty of performing LND by using laparoscopic apparatus. Although the role of routine lymphadenectomy is still controversial, routine lymphadenectomy is recommended by many experts and is highlighted in the 8th edition of the AJCC/UICC ICC staging schema for accurate staging. [28, 29] A recent study [30] from the National Institutes of Health based on National Cancer Database reported that the use of LLR for ICC is associated with inadequate nodal evaluation. A total of 2309 patients who underwent LLR or OH for ICC between 2010 and 2015 were retrospectively analyzed, and LND was performed more commonly in patients who underwent OH (61%, n = 1210) than in patients who underwent LLR (39%, n = 120), P < .001. In addition, we reviewed the literature aimed to comparing LLR with OH for ICC. Five studies [7] [8] [9] [10] [11] included 90 patients who underwent LLR and 150 patients who underwent OH were found. The pooled result also showed that LND was performed more frequently in OH (73.3%, n = 110) than in LLR (31.1%, n = 28). This finding indicated that the nodal evaluation strategy may need to be more aggressive in LLR in the future. In the present study, LND was only performed when suspected lymph node metastasis (LNM) was detected by preoperative imaging or intraoperative ultrasound or palpable enlarged regional lymph nodes during surgery. After all, a total of 35 patients underwent LND, and the LND rates were comparable between the groups (40.0% vs 42.9%, P = .822; 38.9% vs 41.7%, P = .845, respectively, Table 3 ) both before and after matching. Additionally LNM was confirmed in 20 of these patients by pathology. Except for the previously mentioned male patients who experienced conversion, the remaining 7 patients in the LLR group completed the LND procedure via pure laparoscopy. Ratti et al [31] reported that the laparoscopic approach for lymphadenectomy is associated with lower lymphadenectomy-related morbidity in patients with biliary cancers, however, no patients encountered lymphadenectomyrelated morbidity in either group in the present study. In general, the present study showed that LND is feasible and safe under laparoscopy.
In terms of short-term outcomes, the results of the current study showed that LLR did not increase liver-specific complications, general complications, or major complications. Moreover, although there was no significant difference, ascites together with hemorrhage occurred more frequently in the OH group than in the LLR group after PSM. Consistently, 2 other studies focused on LLR for HCC in patients with cirrhosis have reported that the rate of liver-specific complications was lower after laparoscopy. [24, 32] Regarding general complications, a lower wound infection rate was noted in the LLR cohort as well as pulmonary complications which corresponded to the previous literature. [19, 33] The major complication rate was minimal and comparable between the groups after PSM (5.6% in the LLR and 11.1% in the OH group, P = .868, Table 3 ). The major complication rate was consistent with published reports' rates of 9.5% to 27.5% in LLR for large HCC or CLM, [34, 35] which is lower than the reported rate of 16.7% in a previous similar study for large or multiple ICCs. [11] Furthermore, no patients encountered death within 30 days postoperation in either group.
Tumor-free surgical margins affect DFS after resection of ICCs. The main concern was that LLR would not guarantee sufficient tumor-free surgical margins due to the lack of palpation. However, in contrast to relying solely on surgeon's impressions and instincts, the application of ultrasonography during surgery can help locate tumors and guarantee adequate surgical margins during resection. The R0 resection rate in the present study population was 92.8%, which is comparable to the previously reported rates of 92.5% to 95.6% for LLR in large CLM and HCC. [34, 35] The present study also showed that the R0 resection rate was comparable between the different techniques (95% vs 92.1%, P = 1.000; 94.4% vs 94.4%, P = 1.000, respectively, Table 3 ) both before and after matching. Moreover, DFS was comparable between the groups, and there was no statistically significant difference in terms of OS between the LLR and OH groups.
The current study carries several inevitable limitations. First, although the PSM method was used, the retrospective nature might weaken the generalizability and accuracy of the results. Second, the low incidence of ICC resulted in a relatively small sample size, and the number of patients may not be sufficient to provide solid evidence. Third, to illuminate the long-term differences between the different approaches, a longer followup period is still needed.
In conclusion, the present study showed that patients who underwent LLR for large or multiple ICCs could obtain similar short-and long-term outcomes compared with those who underwent OH, and LND was more technically difficult but feasible in LLR. Further studies with larger number of patients and a longer follow-up duration should be performed in the future to confirm this result. 
